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AFTERGLOW ARTIFACT REDUCTION 

This application is a continuation of application Ser. No. 
07/658,249, ?led Feb. 20, 1991, now abandoned. 

FIELD OF THE INVENTION 

This invention is concerned with computerized tomo 
graphic (CT) images and more particularly with afterglow 
artifacts that occur in such images. This invention removes 
or reduces such artifacts. 

BACKGROUND OF THE lNVENTION 

To aid in measuring the radiation passing through a 
patient, detector channels of CT equipment detect the X-rays 
and convert them to electrical signals. One type of such 
transducers uses scintillating material. Scintillating material 
is material that emits light photons responsive to imping 
ment thereon by X-rays. An example of scintillating material 
is cadmium tungstate (CDWO4) crystals. However, this 
invention is not limited to scintillating crystals, but will 
operate just as well with other transducers that suffer from 
afterglow problems. 
The scintillating crystals serve as transducers of X-ray 

radiation to transform the X-ray radiation into optical radia 
tion. When X-ray photons are absorbed by a scintillator, 
photo-electrons are ejected from the atoms of the scintillator. 
This photo-electron loses its energy through multiple inter 
actions with other electrons. The secondary electrons release 
part of their energy in the form of optical radiation and the 
crystal “scintillates”. 
The crystal contains what are known as electron traps. 

When an electron is trapped, its scintillation will be delayed 
and an afterglow will occur. Aftergow is the existence of 
scintillation after the cessation of the X-ray radiation. The 
origin of the afterglow is not clear, it may be caused by such 
things as chemical impurities or crystal structure imperfec 
tions. It is known that a crystal afterglow scintillation decays 
exponentially when irradiated by a step function. The after 
glow, therfore, seems to have a “memory” effect and acts as 
a low-pass ?lter. 

In the past, to overcome the afterglow, materials which 
supposedly do not provide afterglow have been used. How 
ever, it has been found that most of the other materials that 
generate less afterglow than cadmium tungsten crystals, also 
provide an initial “glow” having a lower intensity or ampli 
tude than that of the crystal scintillators which do suffer from 
afterglow. 

Another attempt at overcoming the afterglow problem 
used presently is the preselection of the detectors in an effort 
to use only detectors that have no afterglow. This method, of 
course, is extremely expensive since a relatively large pro 
portion of the detectors have to be discarded because of 
afterglow problems. 
Thus the prior art methods of overcoming or compensat 

ing for the afterglow artifacts has been to use materials 
providing lower intensities and/or selecting detectors that 
have less afterglow than the average detector. The prior art 
correction methods are either expensive in money and time 
and/or expensive in the intensity of the ?nal signals. 

Accordingly, those skilled in the art are continuously 
searching for methods and means for overcoming the after~ 
glow caused artifacts. 

15 

25 

30 

35 

45 

50 

60 

65 

2 
BRIEF DESCRIPTION OF THE INVENTION 

In accordance with a broad aspect of the present inven 
tion, a method for reducing afterglow artifacts in CT images 
is provided, said method comprising the step of: ?ltering out 
the after glow signals. ' 

A feature of the present invention comprises utilizing 
recursive ?lters as the ?ltering means for ?ltering out the 
afterglow signals. 

Yet another feature of the present invention comprises 
determining the intensity of the afterglow scintillation rela 
tive to the intensity of the original scintillation and decay 
time constant of the afterglow scintillation of the detectors. 
Then, tailoring the ?ltering to match the intensity and the 
decay time of the scintillation detectors. Thus the ?lters are 
tailored in accordance with a step of calibrating the detectors 
to determine the intensity of the afterglow scintillation 
relative to the intensity of the original scintillation and the 
decay time constant of the afterglow scintillation provided 
by the system detectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above named and other features and objects of the 
present invention will be best understood when considered 
in the light of the following description of a broad aspect of 
the invention made in conjunction with the accompanying 
drawings; wherein: 

FIG. 1 is a prior art CT system that provides images 
plagued by afterglow artifacts; 

FIG. 2 is a block diagram showing of the inventive CT 
system having a ?lter therein for removing the afterglow that 
generates the artifacts; 

FIG. 3 is a block diagram of a preferred recursive ?lter for 
use as the ?lter of FIG. 2, and 

FIG. 4 is a showing of the output of the X-ray detectors 
with a square wave or unit width step function input. 

GENERAL DESCRIPTION 

The computerized tomographic system 11 of FIG. 1 
includes a front end 12. The front end 12 comprises a source 
of X-rays 13 mounted on a gantry along with detectors 14. 
The X-rays from the source 13 pass through a patient or 
object 16 and are detected by the detectors 14. In the 
preferred embodiment the detectors 14 include scintillator 
crystals such as cadmium tungstate crystals for converting 
the X-ray radiation into light photons which are then con 
verted into electronic signals. The detectors 14 includes a 
scintillator 17 and a transducer 18 for converting the light 
photons into electrons and thus to electrical signals. The 
number of electrons from the detectors 14 are a function of 
the X-ray attenuation of the portions of the subject 16 
through which the X-ray radiation passes. 
The electrical signals are received from the front end 12 

in analog form and are converted into digital form by analog 
to digital converter 19. The digital signals are used by back 
projector 21 and image processor 22 in conjunction with 
memory 23 to provide the well known tomographic images 
generated by CT scanners in display means 24. 
As noted previously, these display images are plagued by 

afterglow artifacts. The afterglow artifacts typically appear 
as a series of radiating streaks in the image which often 
obscure lesions or other manifestations of the condition of 
the patient which are the object of the X-ray examination. 
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As shown in FIG. 2, to overcome the artifacts caused by 
the afterglow, a ?lter 26 is provided. The ?lter 26 is a 
recursive type ?lter and receives parameters such as after 
glow amplitude and decay characteristics generated during a 
calibration procedure from a calibrator 27. The other por 
tions of FIG. 2 which are the same as those of FIG. I bear 
the reference numerals used in FIG. 1. Thus, the improved 
system with the ?lter is denoted as system 31. It includes a 
front end similar to that of the system 11 of FIG. 1. 
The system 31 of FIG. 2 is shown as having an X-ray 

source 13 on a gantry 12 which generates X-rays that pass 
through a subject 16 and are detected by detectors 14 on the 
gantry. The detectors 14 here again are shown as including 
a scintillating unit 17 and means for converting the light 
photons to electrical signals at 18. The analog to digital 
converter 19 provides digital signals to the ?lter 26. The 
calibrator unit 27 provides characteristics of the ?lter based 
on parameters of the scintillating detectors and the front end 
electronics which convert the light photons to electrical 
signals. 
The back projector 21 in FIG. 2 uses the signals from the 

?lter 26 rather than directly from the analog to digital 
converter 19. The image processer, memory and display 
units operate in the same way in the system of FIG. 2 as they 
did in the system of FIG. 1. It should be understood that a 
software type recursive ?lter may be used where a hardware 
?lter is indicated. 
The details of the preferred embodiment recursive ?lter 

are shown in FIG. 3. The equipment of FIG. 3 solves an 
equation that states that: 

where 

A are the corrected values, 

B are the measured values, 

11 is the number of the measurement taken. The last part 
measurement is always used in this sequence except for 
during the ?rst measurement, 

C are the last corrected values prior to the present cor 
rected values A(,,_1), 

AMP is the intensity of the afterglow scintillation relative 
to the intensity of the original scintillation which 
includes all contributions to the afterglow of previous 
impingements of X-rays on the scintillating material 

t is the time from the previous measurement to the present 
measurement, and 

"c is the decay time constant of the afterglow scintillation. 
The calibration is accomplished by directing a unit width 

step function of X-rays from the source 13 to the detectors 
14 and measuring the output. 
The output will be as shown in FIG. 4; i.e., a square wave 

having a massive glow tail. The square wave is shown at 32 
having a total amplitude V and having a tail 33 which has a 
maximum amplitude of AMP and has a decay time 1:. The 1: 
of the equation includes all of the previous contributions. It 
has been found that it is necessary to remove all of the 
previous contributions to the after glow, hence: 
the corrective signals is: 

A(m) = Born-J 
to 

Thus the quantity C(n-l) amounts to the integral of the 
measured signal. 
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In FIG. 3 a stylized block diagram of the recursive ?lter 

26, shows that the decay indicated by e‘"T is multiplied by: 
C(n-l). In the same manner, the product C(n—l)e"’T is 
subtracted from the measured value Bn to provide the 
difference Bn-C(n—l)e"". The immediate previously cor 
rected value A(n—l) is multiplied by AMP, the amplitude of 
the afterglow tail obtained during the calibration procedure 
and stored in the memory 30 shown in FIG. 2. Subsequently 
it is further multiplied by the decay function e‘“. The 
product of the triple multiplicands is subtracted from the last 
obtained difference to provide a ?nal difference. This ?nal 
difference is the present corrected signal, i.e. A(n) which is 
the signal corrected to remove the afterglow. 

Using the ?lter of FIG. 3 enables utilizing scintillators 
such as cadmium tungstate scintillators with relatively high 
outputs. Subjecting the detector scintillators to a selecting 
process becomes unnecessary. 
The invention enables scintillators or other types of 

transducers using “non-scintillating” detectors to be used 
that have not undergone a rigid selection processing. Even 
more important scintillators or other transducers can be used 
which have a high output by subjecting the detected signal 
to a ?ltering process to remove the afterglow. 
The invention has been described with reference to certain 

preferred embodiments and it should be understood that this 
description is made by way of an example only and not as 
a limitation on the scope of the invention. 
What is claimed is: 
1. A method of reducing afterglow scintillation-caused 

artifacts in computerized tomographic X-ray images, the 
said method comprising the steps of: 

a) directing X-rays from an X-ray source towards a 
subject from a plurality of positions around the subject; 

b) using detectors, including scintillators, for converting 
the X~rays received from the source and traversing the 
subject during a plurality of measurements ranging 
from a ?rst measurement to a last measurement n, to 
light photons both from direct scintillation and from 
afterglow; 

c) converting the light photons to measured electrical 
signals having measured values that are functions of 
both the direct scintillation and the afterglow; 

d) operating on the measured electrical signals using a 
backprojector to provide a tomographic image of the 
subject; 

e) wherein said operating step also includes ?ltering out 
electrical signals caused by said afterglow occurring in 
the scintillators using a recursive ?lter to obtain cor 
rected electrical signals having corrected values, 

f) said step of ?ltering out said afterglow further com 
prises the steps of: 

g) determining afterglow intensity characteristics by 
applying a unit step function to the X-ray source to 
obtain a square wave intensity output from the detec 
tors, said square wave output having an afterglow tail 
that has an original relative intensity amplitude AMP at 
the termination of the square wave and a decay time 
constant 1:; 

h) determining values for the original relative intensity 
amplitude AMP and the decay time constant 'c of the 
afterglow tail; and 

i) using the determined values as parameters to adjust the 
?lter for removal of the electrical signals caused by the 
afterglow intensity to obtain the corrected electrical 
signals having the corrected values. 
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2. The method of claim 1 wherein said ?ltering step solves 
an equation that states that: 

where: 
A(n) is a corrected value of nth measurement, 
B(n) is a measured value of nth measurement, 
n is a number of the last measurement taken, where n is 

greater than 1, 
C is a corrected value immediately prior to a present 

corrected value, 
AMP is afterglow scintillation intensity relative to origi~ 

nal scintillation intensity which includes all contribu— 
tions of previous impingements, 

t is time elapsed from an immediate previous measure 
ment to a present measurement, and 

1: is a decay time constant of the afterglow scintillation 
which includes all of the previous contributions. 

3. The method of claim 2 wherein the ?ltering step solves 
the equation: 

[on 

Arm) = 30a) "I 3(1) ‘34" d‘ 

where: 

A is the corrected value. 
B is the measured values from t=0 to t=in?nity, 
t0 is the time when t equals 0, and 
1: is the decay constant. 
4. A system for reducing afterglow scintillation-caused 

artifacts in computerized tomographic x-ray images, the said 
system comprising: 

(a) a gantry for directing x-rays from an x-ray source 
towards a subject from a plurality of positions around 
the subject; 

(b) detectors including scintillators on said gantry for 
converting the x-rays received from the source and 
traversing the subject to light photons both from direct 
scintillation and from afterglow during a plurality of 
measurements ranging from a ?rst measurement to a 
last measurement n, 

(c) a transducer for converting the light photons to mea 
sured electrical signals having measured values that are 
functions of both the light photons from the direct 
scintillations and the afterglow; 

(d) a backprojector for operating on the measured elec 
trical signals to provide a tomographic image of the 
subject; 

(e) a recursive ?lter located prior to said backprojector for 
?ltering said measured electrical signals to remove 
electrical signals caused by said afterglow occurring in 
said scintillators to obtain corrected electrical signals 
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having corrected values; said recursive ?lter compris 
ing: 

(f) a calibrator for determining afterglow characteristics 
by applying a unit step function to the x-ray source 
whereby the detectors provide a source wave intensity 
output having a large afterglow tail that has an intensity 
amplitude AMP at the termination of the square wave 
and a decay time constant, 

(g) said calibrator further determining the original relative 
afterglow intensity amplitude (AMP) and the decay 
time constant T of the afterglow tail; and 

(h) a computer for using the determined afterglow inten 
sity value (AMP) and the determined decay time for 
obtaining component values for said ?lter that assures 
that the ?lter removes the electrical signals caused by 
the afterglow tail and provides corrected electrical 
signals having corrected values. 

5. The system of claim 4 wherein said recursive ?lter 
solves the equation: 

where: 

A(n) is a corrected value of nth measurement, 

B(n) is a measured value of nth measurement, 

n is the number of a last measurement taken, 

C is a last corrected value prior to a present corrected 
value, 

AMP is afterglow scintillation intensity relative to origi 
nal scintillation intensity which includes all contribu 
tions to afterglow of previous impingements of x-rays 
on the scintillator, 

t is the time elapsed from an immediately prior last 
measurement to a present measurement, where a ?rst 
measurement is made before afterglow, and 

r is a decay time constant of the afterglow scintillation 
which includes all of the of the previous contributions. 

6. The system of claim 5 wherein the ?ltering step solves 
the equation: 

too 

By) 6-,": dt 

where: 

A is the corrected value, 
B is the measured values from t=0 to t=in?nity, 

t0 is the time when t equals 0, and 
r is the decay constant. 

* * * * * 


